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In this paper, we focus on the design, modeling and implementation of a 
MPPT controller based maximum power tracking of photovoltaic system. 
The electrical characteristic of The PV system is non-linear and 
changes with the solar irradiation and the ambient temperature. Therefore, 
the incremental conductance (IC) method control is known for its stability 
and robustness, and is used to extract the maximum energy from the PV 
source using a boost converter topology. It provides a strong basis for the 
improvement and optimization of control parameters of a photovoltaic 
system. Implementing MPPT algorithm usually need the use of a lot of 
sensors if accuracy of the system has to be increased. However, IC method 
with an extended Kalman filter (EKF) can be utilized in order to estimate 
some parameters to reduce the number of Sensors. The EKF is deployed in 
the optimal position to estimate both current and the capacitor voltage, thus 
allowing to eliminate two sensors devise from the entire PV system, which 
increases the system efficiency and reliability, simplifies the control method 


and decreases the system cost. The performance of the proposed technique is 
validated by experimental and simulation results under different operating 
conditions and load changes. 
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1. INTRODUCTION 

Recently, the demand in electricity is increasing and the constraints related to its production, such as 
the effects of pollution and climatic warming. In this context, intensive researches toward the development of 
renewable and sustainable energy sources, especially, photovoltaic (PV) systems, which is able to fulfill the 
power demand in the standalone condition or in isolated location, and offer a competitive solution and free 
solar energy [1]-[5]. Photovoltaic energy is considered in several countries and regions with a high solar 
power density such as, Mediterranean countries and other regions as a potential candidate of energy. 
Therefore, Stand-alone and grid-connected systems of solar energy have developed greatly in recent years. 

Several researches have focused on these applications include PV grid-connected systems [6], 
optimal control of hybrid systems, electric vehicles [7], air conditioning, traffic light application, 
refrigeration, water pumping [8]. Nevertheless, there are some inconvenient for the PV systems, such as, high 
manufacture cost, low energy conversion efficiency in PV modules and deterioration of the maximum power 
with varying resistance values. In addition, PV system gives naturally a nonlinear characteristic (V-I) which 
vary with the temperature and radiant intensity. Their maximum power point varies nonlinearly with 
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environmental conditions (e.g., solar irradiation, temperature, load and degradation level) [9]-[12]. In 
addition, the aging of solar cells of PV module and load current are the main reasons for the low electrical 
efficiency of photovoltaic systems. However, until now, very little study has been conducted on finding the 
factors of low performance of PV system. 

Nowadays, to overcome these barriers, the maximum power point of the PV system under real 
operating condition is studied in [13]-[15], and implemented [16], an intensive literature review 
on online and offline tracking of the MPP algorithm or technique is presented in refs. [10]-[20]. The use of 
MPPT technique to extract the maximum power produced by an array of PV cells is primordial; the operating 
point of the system is forced toward this optimal condition. 

A lot of literature is available on MPPT techniques to increase global system efficiency is proposed, 
these techniques include the incremental conductance (IC) used in this work, which have proved good 
performances under different irradiation and temperature, and others methods. Another kind of algorithm is 
proposed, such as MPPT technique by using artificial neural networks (ANN) and fuzzy logic control [15]. 

In this work, IC method is combined with an extended Kalman filter algorithm (EKFA) to extract 
the maximum power using a DC-DC converter (boost) from the PV source. The EKF can be used to estimate 
some parameters to reduce the number of sensors, where the capacitor voltage and the PV current are 
estimated by EKF, which increases the system efficiency and reliability, simplifies the control method and 
decreases the system cost [3], [4]. 

The paper is organized as follows: in section 2, the model of PV system based on single diode is 
presented. In section 3, the proposed MPPT based IC with EKF algorithm is described. The proposed MPPT 
technique is analyzed with numerical calculations and detailed discussions in section 4. Concluding remarks 
of work are given in section 5. 


2. MODELING OF THE PV SYSTEM 
In this study, a single diode model of PV solar cell has been proposed, as illustrated in Figure 1 [6]-[10]. In 
this model, the relationship between the output voltage (V) and output current (I) of PV cell can be given as 


Rsh 


where J,;, and Isar are the PV photo current and reverse saturation current when there is no light on the PV 
cell, respectively. The R, and Rs, are the equivalent series resistance and equivalent parallel resistance, 
respectively. A, K and T are coefficient of diode ideality, Boltzmann constant and absolute temperature of PV 
cell. 

The maximum power output of the PV cell is formulated as: 


Fn = IscVocFf (2) 


where Voc Isc are the open-circuit voltage and short-circuit current respectively, and F; is fill factor (0.75 to 
0.8). Therefore, the photo-electric conversion efficiency of PV cell expressed by: 


= feise x 100 (3) 


n 


where Pin is the input power of PV cell. 


Figure 1. Equivalent circuit of PV solar cell 
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3. MPPT BASED INCREMENTAL CONDUCTANCE WITH EKF 

The IC method has been introduced to track the maximum power point (MPP) in photovoltaic 
systems where IC control has several advantages of better performance, simple and robust design. Among 
all, the IC method is widely used, because this method is less expensive, easier to implement than other 
algorithm, and having good tracking accuracy [3]. Nevertheless, the current-voltage (I-V) and power voltage 
(P-V) characteristics of the PV module at different solar irradiation and constant temperature are shown in 
Figures 2(a) and 2(b). The details of the entire system design, which includes the PV generator, boost 
converter, and resistive output load is shown in Figure 3. 


1000:W/m2 


800 W/m2 
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voltage (V) voltage (V ) 
(a) (b) 


Figure 2. Influence of the solar radiation for constant temperature (25 °C), (a) (I-V) characteristics of PV, and 
(b) (P-V) characteristics of PV 


PV Module 


Load 


Figure 3. Schematic diagram of MPPT in PV system 


3.1. Boost converter model 
The boost converter has become a topic of great interest in this field topology. Further, its voltage 
increasing, its high efficiency, the possibility of implementing a MPPT, its reliability and its low cost are 
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decisive advantages [11]-[14]. Figure 4 shows the boost chopper structure. The two states ON and OFF of the 
(DC-DC) converter (boost) is described in Figures 4(a) and 4(b). 


(a) (b) 


Figure 4. Equivalent circuit of the (DC-DC) converter (a) switch is off and (b) switch is on 


Applying Kirchhoff’s laws, the ideal mathematical model of the circuit in Figure 4 is done by: 


P 
L< = Upy — Ve(1 — Ss1) — R. Ipv 

av V 
CWE = Ipy(1 - Ss H (4) 
Ss2 = Ss1 


Ss1: switch position [0 1] 


3.2. Parameter identification of PV system using EKF 
The model of the PV system including disturbance can be given as [21]-[25]: 


X =AX+BU+W, 


Y=CX+DU+V (5) 
0 -1 0 1 

A=ļ|is _1 olB=lo]c=l0 0 1},D=0, (6) 
C R.C 
0 0 0 0 


where S is the switching state, W and V are the zero-mean white Gaussian noises with covariance Q and R 
which represent the model error and measurement noise, respectively. The values of PV specification 
parameters at 1000 W/m’are given in Table 1. 


Table 1. PV specification at 1000 W/m? and temperature of 25°C 


Parameters Specification 

Peak power 200 W 
Open circuit voltage 32.5 V 
Max power voltage 26.4 V 
Short circuit current 8A 
Max power current TSA 


3.3. Incremental conductance-method based MPPT 
The MPP tracking technique depends on the differential of the power of PV system with respect to 


PV voltage is zero at the MPP as done by [3]: 


Al _ 0, atMPP, 

AV 

Al 

<> 0,Left: (7) 


= < 0, Right. 
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Differentiating the PV power with respect to voltage 


Be OD oy (8) 
dv dav dV 

Al =~! atMPP, 

AV v 

Al I 

w? pO Left. (9) 


Al I f 


By using the values of V, and Zp at different points and comparing the conductance (J/V) to the (IC) 
(AIAV). Assuming the ripple components in the currents is low and using the forward Euler method for 
discretization [20], the MPP can be described as shown in Figure 5. 


Estimate Jpy(‘).V. Using EKF 


Try (k+ 1)|5.0= Loy (K) + 2X Yay (K) Ve 


Ty (k +1) 


s-1= Try (E) + Ww (k) 


g|s-o1= Ipy(k +D) 5-03 Te 


2iso < g|sa 


Figure 5. Flowchart of IC algorithm with EKF to generate the switch state 


4. RESULTS AND DISCUSSION 

In order to evaluate the performance of our PV system and to examine changes in the efficiency, we 
investigated the influence of the temperature and radiant intensity. In literature, conventional algorithms use 
three sensors for the MPPT operation. Two sensors are used for IC method and third one for the capacitor 
voltage. In this study, to reduce the total number of sensors, only one sensor is needed to collect the data at 
every time step, where the EKF algorithm used to estimate the other two states. The optimal switching state 
is generating by the MPC algorithm, where the switching state is based on a current optimization function. 
To validate the performance of the entire system, the proposed IC control based MPPT has been modeled, 
simulated using MATLAB/Simulink under different radiation conditions, and compared with the 
conventional algorithm [2]-[10]. 

In order to maximize as possible, the performance of PV system, first, the power, voltage and 
current are plotted separately as a function of time with the specifications presented in Table 1. Figures 6(a), 
6(b) and 6(c) show the evolution of power, voltage and current respectively, using IC algorithm under MPP 
operation during a variation transient in solar radiation, the irradiation step varies from 600 W/m? to 
1000w/m? assuming constant temperature 25°C. We observed that the PV performance is sensitively affected 
by the temperature and radiant intensity. The results show that, despite the use of only one sensor, the 
proposed algorithm shows an equivalent performance of the conventional system. 
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Figure 6. Evolution of the PV (a) current (b) voltage and (c) power, under different solar irradiation and 
constant temperature (25 °C) 


In order to demonstrate the performance of EKF applied to PV system to estimate voltage, current 
and capacitor voltage, the simulations are realized using MATLAB/Simulink. The fitness function is 
optimized by EKF to search a good result for estimation of PV electrical parameters. The values of nominal 
and estimated parameters are given in Table 1. In Figures 7(a), 7(b), and 7(c) the estimated is quite close to 
the actual values. 

From the simulations performed, it can be observed that the EKF proposed for estimation 
parameters of PV system is more consistent and convergent as well as another algorithm, such as the Monte 
Carlo algorithm [19]. And the results obtained were also compared with Newton Raphson and least square 
methods showing more accurate performance [15]-[17]. Further, the dynamic behavior of PV system is tested 
under different operating conditions and load changes. In addition, we shown that our results, in terms of 
precision and accuracy were remarkably similar those predicted in [10]. 

In Figure 8, we plot the photo-electric conversion efficiency of PV cell at different solar radiation, it 
has shown an enhanced efficiency of 40 % in comparison for the conventional system between 12 and 35% 
as indicated in [7], [8]. Therefore, the results demonstrate that IC algorithm has a better performance and it 
can track MPP under rapidly changing environmental conditions. 
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Figure 7. Estimated states with EKF, (a) current, (b) voltage, and (c) capacitor voltage 
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Figure 8. Efficiency of PV cell at different solar radiation 


5. CONCLUSION 

This paper proposed a simple MPPT scheme with an EKF which facilitates reduction number of 
sensor requirement as compared to the classical algorithm. The simulation results under different variations 
of irradiation show that the proposed algorithm can follow the MPP fast compared to the conventional 
method. Some advantages of the proposed IC MPP tracker are: a) better tracking accuracy, b) robustness 
under atmospheric conditions, c) reduces the sensor number of PV system. 

To conclude, the proposed MPPT using IC with EKF algorithm can enhance the performance of any 
nonlinear system as the PV system. By comparison with other different algorithms, we have shown that the 
EKF provides similar performance, better optimization capability and has good convergence in 
simultaneously estimating PV electrical parameters such as capacitor voltage. At last, the proposed MPPT 
with EKF algorithm can be preferred for commercial application. 
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